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Abstract
Thermal actions on structures is complex phenomenon that is dependent from numerous parameters and therefore in the codes for 
structural design thermal actions are defined by using simple method, temperature profile is dividing on uniform temperature 
component and temperature difference component. General principles and codes for design buildings on thermal actions 
according with Eurocode EN 1991-1-5 will be presented in this paper. Also, this paper represents a way of defining the thermal 
actions on buildings and nationally determined parameters which are adopted in the draft version of Montenegrin National Annex 
of EN 1991-1-5.
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1. Introduction
EN 1991-1-5 is a standard which contains instructions for estimation of thermal actions on structures arising due 
to: climatic conditions in a given country, the exposure of the object to daily and seasonal climatic changes and 
thermal effects that are a result of exploitation of the object. This standard is used to define the thermal effects on 
buildings, bridges, industrial chimneys, pipelines, silos, tanks and cooling towers.
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National Institute for standardization, ISME, has established Technical Committee, TK002, with a mission to 
manage adoption and implementation of Eurocodes as Montenegrin national standards. One of the working groups, 
established under the Technical Committee TK002, has a duty to adopt a National Annexe to standard EN 1991-1, 
Action on Structures, and within them defines the nationally determined parameters. This working group has 
prepared the national annexes for the standards: EN 1991-1-1, EN 1991-1-3, EN 1991-1-4 and EN 1991-1-5, in the 
draft form. 
This paper represents only one part of the National Annex EN 1991-1-5 which refers to design of building 
structures on thermal actions. All presented nationally determined parameters are defined in the draft of
Montenegrin National Annex of EN 1991-1-5.
2. The design situations and the classification of the actions
Thermal actions are classified according to the origin on the indirect actions, and according to their variability 
over the time on the variable actions. All values of thermal actions, given in standard EN 1991-1-5, are the 
characteristic values with a probability of being exceeded 0.02 during the reference period of one year, which is 
equivalent to the average return period of 50 years.
In the structure of buildings or in structural elements, thermal effects due to climate and exploitation temperature 
changes must be considered when there is a possibility that the ultimate limit state and serviceability limit state can 
be exceeded. Design of structures of thermal actions are based on the proper selection of structure stiffness, use of 
expansion joints or the inclusion of temperature actions in load combination which is used to design of structure [1-
20].
3. Review of effects of thermal action on structure
The effect of thermal action on the structure is a complex issue that depends of the geographical location and 
meteorological conditions on the micro-location of the facility, and therefore this type of loads is difficult to define 
precisely. Temperature changes in the environment are stochastic, and it is practically impossible to precisely 
constitute a theoretical model that accurately defines the temperature load. The main parameters of ambient 
temperature that defined the distribution of temperature in the structure are: solar radiation, daily and seasonal 
changes in air temperature in the shade, humidity and wind speed. Values of thermal impacts depends of local 
climatic conditions, orientations, and the total mass of the structure, geometry and boundary conditions, as well as 
the physical properties of applied materials and final processing of heated surfaces.
The speed at which the temperature varies in the surrounding environment far exceeds the rate of the reaction of 
structure, during any time of the day. The measured temperature, at any point in the structure, is late in the thermal 
input in the daily cycle. This constant state of ambient temperature flux, combined with the inability of the structure 
to currently respond to temperature changes in the surrounding environment, results in a nonlinear temperature 
distribution through the structure.
The complexity of the temperature distribution through the structure is illustrated by showing the distribution of 
temperature measured at the middle span of the pedestrian bridge "Zabjelo" Podgorica. Reinforced concrete 
footbridge "Zabjelo" in Podgorica during construction is instrumentaliazed for monitoring temperature, strains and 
deformations in the structure. The financial support of the Ministry of Education and Science of Montenegro and the 
Faculty of Engineering and enthusiasm of many participants in this study made it possible for this bridge to be 
instrumentalization and monitored in a number of series of measurements from the beginning of October 2006 until 
the end of June 2007. At the middle span of the bridge temperature was registered over 22 thermocouples installed 
during the construction of the bridge [4].
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Fig. 1. Distribution of temperature across the cross section in the middle span of the bridge "Zabjelo" in Podgorica 22.06.2007 at 18:00
The temperature profile in the walls of the building is similar to the temperature profile that we see to be 
registered in the ribs of a box-section. In the slab in flat roof of building we can see temperature distribution that is 
similar with distribution that is registered in slab of this pedestrian bridge (Fig. 1).
European standards, but also to our current applicable standards, are unable to accurately capture the 
phenomenon of temperature effects on structures, and this effect is displayed in a simplified manner. According to 
EN 1991-1-5 temperature profile can be divided into four sections, as shown in Fig. 2 [1].
'7u is a component of uniform temperature, current regulations used the name of uniform         temperature (Fig.
2 (a)):
'7My component is linearly variable temperature difference around the axis Z (Fig. 2 (b));
'7Mz component is linearly variable temperature differences around the Y axis (Fig. 2 (c));
'7E the nonlinear component of the temperature difference (Fig. 2 (d)).
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Figure 2. Components of the temperature profile in the structural element
In designing the temperature effects are usually considered in a simplified manner and temperature profile is 
divided into equal components temperature and the temperature differences, although on the basis of previous 
experimental and theoretical studies, Fig. 1, undeniably confirms that the temperature profile is more complex.
An even temperature and uniform temperature, 'Tu, is a constant temperature over the cross-section which 
causes the elongation and contraction of the construction elements. Uniform temperature is a difference of the 
average temperature T (average temperature is a term used for the building, but term effective temperature is used 
for bridges, usually) in the element and the initial temperature, T0, equation (1), [1].
0  uT T T'   (1)
Where:
T - average  temperature;
T0 – initial temperature. 
The initial temperature T0, is the temperature of the structural member at the time when the free movements are 
prevented.
The temperature difference is the difference between the temperature of the outer surface of the structure and the 
temperature at any point within its cross section. The temperature difference can be the temperature difference of 
different parts of the structure, but then it represents the average temperature of these parts. The temperature 
difference can act across the width of the cross-section, 'TMy, or across the height of the cross-sectional, 'TMz.
Component of temperature 'TE that is called self balancing component of temperature, and it is not specifically 
addressed in the regulations.
3.1. Temperature changes in buildings
In buildings, thermal effects due to climate and exploitation temperature changes must be considered in the 
estimation of the building in which there is a possibility that ultimate limit state and serviceability limit state are 
exceeded.
3.2. Determination of the average temperature T
The average temperature T, of the structural elements of buildings, is determined by using the thermal profile of 
heat conduction, Fig. 3, for two combinations of loads, winter season and summer season [1]. When considering the 
one layer element and when environmental conditions are similar on both sides of element, of the average 
temperature in the structural element T, it can be determined as the average of the internal and external ambient 
temperature Tin and Tout.
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Fig. 3. Diagram of two-layer heat conduction element, [1]
For the calculation of the average temperature T in a structural element with multiple layers in cross section we 
use the Eq. 2, 3 and 4.
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Where are:
Tin - air temperature of the inner environment;
Tout - air temperature of the outer environment;
Rtot - the total thermal resistance of the element, including the resistance of both surfaces;
R(x) - the total thermal resistance of the part x, which is made up of the resistance on the inside surface Rin and 
the sum of resistance of the  layers (or parts of layers) of the inner surface to a point X.
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Where:
Rin - thermal resistance of the inner surface, m2K/W;
Rout - thermal resistance of the outer surface, m2K/W;
O i - coefficient of thermal conductivity of the material in a layer i, W/mK;
hi - layer thickness i, m;
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O
 ¦ . (4)
Only layers of the inner surface to the point X are considered in the equation (4), as shown in Fig. 3.
In buildings, thermal resistance, Rin, varies depending on the orientation of heat flow (ranging from 0.10 to 0.17 
m2K/W), and Rout is 0.04 m2K/W for all orientations of the structural element, for which the effect of temperature 
are accounted. Thermal conductivity O i for concrete varies from 1.2 to 2.0 W/mK.
Fig. 4 presents the internal temperature Tin and outside temperature Tout.
Explanation:
1) The inner surface
2) The outer surface
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Fig. 4. Temperature inside, Tin, and the ambient temperature, Tout, in the buildings
T1 and T2 are the temperatures of the inner environment, Tin. T1 is the temperature of the internal environment in 
the winter, and T2 is the temperature of the internal environment in the summer period. The National Annex 
proposes that the temperature of the inner environment, Tin, should be determined in accordance with the values 
given in Tab. 1.
Table 1. Temperature of inner environment Tin
Season Temperature Tin [0C]
Winter T1= 200C
Summer T2= 250C
Temperatures from T3 to T5 temperature values are above ground level of the structure during the summer, for 
which maximum air temperature in the shade, Tmax is increased.  The values for the maximum air temperature in the 
shade, Tmax, are determined from the equation of extreme maximum air temperature in the shade for a given 
temperature zone (the data is contained in the National Annex to EN 1991-1-5). Depending on the colour of the 
surface that the sun heats and the surface orientation, values of T3, T4 or T5 will be added to the maximum air 
temperature in the shade, Tmax. Temperature correction is not performed when calculating the action of minimum 
uniform temperature during the winter on the overhead structural elements.
The way of defining environmental temperature Tout on above ground parts of the structure, as proposed in the 
draft of the National standard is given in Tab. 2.
Table 2. Temperature Tout for building above ground level
Season              Significant factor
Temperature Tout [°C]
surfaces
oriented  north-east
Surfaces oriented south-west or
horizontal surfaces
Summer
Absorptivity of the surface
depending on the colour
area
0.5
clear bright surface
Tmax + T3 (T3=0°C) Tmax + T3 (T3=18°C)
0.7
light coloured surfaces
Tmax + T4 (T4=2°C) Tmax + T4 (T4=30°C)
0.9
dark surfaces
Tmax + T5 (T5=4°C) Tmax + T4 (T4=42°C)
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Winter Tmin
NOTE: The values of maximum (of minimum) air temperature in the shade Tmax (Tmin) for the location of the object is  to be determined 
from the national isotherms maps, given in the National Annex EN 1991-1-5.
Environmental temperature Tout for underground parts of the building, as determinate in the draft National Annex 
EN 1991-1-5, are given in Tab. 3.
Table 3. Temperature Tout for underground parts of buildings
Season Depth below ground level Temperature Tout [°C]
Summer
Less than 1 m
More than 1 m
T6 = 27 °C for altitude of less than 600 m
T6 = 19 °C for altitude higher than 600 m
T7 = 23 °C for altitude of less than  600 m
T7 = 16 °C for  altitude higher than 600 m
Winter
Less than 1 m
More than 1 m
T8 = 8 °C for altitude of less than 600 m
T8 = 2 °C for altitude higher than 600 m
T9 = 12 °C for altitude of less than  600 m
T9 = 5 °C for altitude higher than 600 m
Note: The National Annex are taken into account soil temperature measurements that were carried out on the territory of Montenegro
The values of maximum air temperature in the shade Tmax, and the values of minimum air temperature in the 
shade Tmin, are defined in the National Annex EN 1991-1-5, depending on the temperature zone in which the 
building is located. Fig. 5 shows parts of map of Montenegro which shows that Montenegro is divided into two 
temperature zones.
Fig. 5. Map of Montenegro which shows boundary of temperature zones 1 and 2. The original map from Google Earth, processing B. Micev
The values of maximum air temperature in the shade, Tmax, and values of the minimum air temperature in the 
shade, Tmin, are given by cities, tabular, or in the form of the equation for a given temperature zone, author B.Micev 
according to data from Hydrometeorological Institute of Montenegro.
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Table 4. Equation for determination of minimum air temperature in the shade, Tmin, in accordance with climatic zone and altitude, A
Zone 1. Tmin = -6.903-1.514*(A/50)+0.0264*(A/50)2
Zone 2. Tmin= -10.116-0.574*(A/50) -0.0028*(A/50)2
Table 5. Equation for determination of minimum air temperature in the shade, Tmin, in accordance with climatic zone and altitude, A
Zone 1. Tmax=39.596+0.0831*(A/50)-0.0086*(A/50)2
Zone 2. Tmax= 45.117-0.2879*(A/50)-0.0036*(A/50)2
When considering the single elements, and when environmental conditions are similar on both sides, the average 
temperature in the structural element T can be determined as the average of the internal and external ambient 
temperature Tin and Tout.
Determination of the initial temperature T0.
The initial temperature T0 is the temperature that is ''captured" in the structure at the moment when the structure 
is connected, precisely at the moment when the parts of the structure are prevented to expand or contract 
independently. In our so far existing regulations, it is stated that in the case of lack of other data should be adopted a 
temperature of T0= 100C as the initial temperature.
The initial temperature T0 is the temperature around which the temperature in the construction vary during the 
works, and it is therefore very important to estimate this value correctly.
During the planning stage, the engineers usually cannot predict the initial temperature, so in the draft version of 
the National Annex nMEST EN 1991-1-5 it is recommended that the initial temperature in buildings, that are 
located in the coastal region (temperatures zone 1) and in Zeta-Bjelopavlici plain, is T0= 15°C. The proposed initial 
temperature value is based on the average value of the mean annual air temperature in the shade, in the cities that 
make up the coastal region and the cities Podgorica and Danilovgrad. For other cities, it is suggested that the initial 
temperature  T0 have value of 100C.
3.3. Example of estimation
For the building in Podgorica with light colours surfaces, with AB walls without thermal isolation, facing south-
west, the value of the average temperature in the wall during the summer would has amount to T = (25+ (43.9 + 30)) 
/ 2 = 49.50C, and effect of temperature with which one enters into the estimation would amount to Tu = 49.5-15 = 
34.50C.
For building in Podgorica, with characteristics mentioned above, the average temperature in the winter would 
amount to T=(20-10.2)/2= 4.90C, and the even effect of temperature with which one enters into the estimation,  for a
combination for winter, would amount to 'Tu =4.9-15= -10.10C.
4. Conclusions
Standard EN 1991-1-5 treats a complex problem, the temperature action on the structure, which in the current 
regulations in Montenegro, as an action on the buildings, was not defined. The temperature problem is too complex 
to be a clearly defined and the EN 1991-1-5 gives solutions how these action should be estimated. 
A brief example of the estimation, which is given as an illustration, showing that the effect of temperature, which 
didn’t have an important role in the design of buildings, according to European regulations, it can become an action 
which is used in combination with loads, which are relevant for dimensioning. This especially applies for buildings 
with long stiff structures, which  are additionally cooled down due to their use of space.
The example of the estimation for the building of reinforced concrete, without thermal insulation, however, does 
not give an objective picture of the problem of temperature actions on buildings, because the proposed internal 
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temperatures are predicted for objects with conditioned interior spaces. Conditioned temperature of the interior 
space, at extreme values of the external air temperature, can hardly be maintained in facilities without adequate 
thermal characteristics of the tread or without thermal insulation. In the calculations of realistic structure of 
buildings with structural elements made out of reinforced concrete, it is necessary to take into account the influence 
of the other layers of cover on the temperature profile in the structural element, especially thermal insulation.
Anticipating the impact of the layers on the impact of temperature shouldn't be a problem in the calculation of 
contemporary structures, when the required production of thermal estimation for the building in the terms of its 
energy characteristics, because the data on the thickness and thermal characteristics of the layers is available at the 
time of the design calculations.
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